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Bowling Green, Kentucky

* Founded 1798
» 38.5 Square Miles (99.7 Square Kilometers)

» Located on the Karst Sinkhole Plain of South Central Kentucky
« Mississippian Limestone's

« 2016 Population
« City 65,234
« Warren County 122,851

« Home Of
« Western Kentucky University
* Lost River Cave
* The Corvette




Adapted from the National 4tlas, U.S. Geological Survey, 1970,




Challenges of Developing on Karst

Sinkhole Collapse

\ 2 g

Cemetery Road



Sinkhole

* Prominent feature on the Karst Sinkhole Plain

« Closed surface depressions

« Range from a few meters across to a kilometer or more
« Range from a few meters to hundreds of meters deep

* Runoff drains thru the bottom, to the underlying
limestone, then carried to springs via cave streams

* Bowling Green built entirely on the Sinkhole Plain
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PLAN AND PROFILE VIEW OF A TYPICAL
SINKHOLE ON THE PENNYROYAL
SINKHOLE PLAIN OF WARREN COUNTY
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Sinkhole Collapse

 Nearly all are regolith collapses (bedrock collapses rare)

* 70% of Warren County collapses caused by farming
activities or urban development

* Increased runoff to small areas greatly increases risk of
collapse

« Major contributors:
—Poor drainage well construction
—Surface ponding and concentration
—Leaking pipes



Sinkhole Collapse,
Drain Well at Jones-Jaggers School

TN




Sinkhole Collapse,
Magna Pond




Sinkhole Collapse,
Dishman Lane




Challenges of Developing on Karst

Flooding

Barren River



Flooding on Karst

Occurs Naturally

Usually High Intensity, Short Duration

Runoff Exceeds Capacity of Underlying Caves

No Floodplain, Excess Stored in Sinkholes

Surface Streams at Flood Stage Create Backwater Effect
Early Development Built in Sinkholes

Worst Flooding in Large, Shallow Sinkholes with
Large Catchment Areas



1, 2 May 2010

10 Inches (24.5 Centimeters) Fell in 48 Hours
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Barren River
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Normal Base Flow for Barren River is 1500 CFS, During May 2010 Flood, peak flow was 56,900 CFS on 3 May 2010



L ansdale Avenue

2010/05/04



Natural Storm Sewer

Caves Under BG used Since City Founded

City Directs Runoff to Caves

Limited Capacity

Minimal Traditional Storm Sewers

Storm Water Drainage Wells



By-Pass Cave




Storm Water Drainage Wells

Primary Deliver Method of Storm Water to Caves

e Qver 1,000 Drilled in Bowling Green and Warren County
 Drill Until Cave, Void or Fracture Encountered that Takes Water
* No Other City has More

« Bowling Green has Own Drill Rig

 Must Be Maintained



Emmett Avenue

Cave Mill Road







Challenges of Developing on Karst

Pollution







Water Pollution ~ Past Issues

Point Source

e . Single Identifiable Source
E . Industrial

4 . Sewage Treatment

Most Point Sources Have Been

Permitted in the Last 40+ Years

SN2

BGMU Sewer Outfall on Barren River
24 March 2004



Water Pollution ~ Today

Nonpoint Sources

Contamination Carried Into Water by Storm
Water Runoff

Contributed by Entire Watershed
(Geographic, Not Political Boundaries)

Contamination Sources
Impervious Surfaces
Buildings
Farmland
Construction Sites
Septic Systems, Straight Pipes




Popular Mechanics,

May 1921
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Use of Flouescent Dyes
To Map Groundwater
Basins




Real Time Monitoring
Stations

Underbgky.org

Lost River Rise
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Lost River Bluehole



Regulatory Measures




Background

1972 Clean Water Act
 Point Sources
 Prohibited Pollutant Discharge Unless Permitted
 National Pollutant Discharge Elimination System (NPDES)

1987 Amendments to Clean Water Act
* Non-Point Sources
* Phase | Communities, 16 November 1990
* Phase Il Communities, 10 March 2003



City of Bowling Green Phase Il Program

The 6 Control Measures

1 - Public Education

2 - Public Involvement

3 - lllicit Discharge Detection and Elimination
4 - Construction Site Regulation

5 - Post Construction

6 - In House Operations (Good Housekeeping)



Public Education




Public Involvement
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Illicit Discharge Detection and Elimination




Free Household Hazardous Waste Disposal Day




Construction Site Regulation
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Post Construction
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In House Operations (Good Housekeeping)
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Quarterly Monitoring Program
Since January 2005

MONITORING LOCATIONS

LEGEND

Site — Watershed

. State Trooper Cave Lost River
2. Last Bluehole Lost River

3. Church Karst Window Lost River

. Carver Well Harris Spring

. Lost River Rise Lost River

5. Upstream Barren River Barren River

. Downstream Drakes Creek Drakes Creek
8. Downstream Barren River All
9. Graham Springs Graham Springs

Created By: Greg Hakman, GISP - GIS Analyst
City of Bowling Green Public Works
Planning & Design Division

11 July 2005




ocal Karst Features




State Trooper Cave
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Mt. Ayr Bluehole




Spring Feeding a Bluehole in Lost River Cave Valley




Dam at Entrance to Lost River Cave
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Questions?



